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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a dual mode band pass filter that can be 
downsized, the characteristic of which can easily be adjusted, with a low insertion 
loss and that hardly acts like a noise source. 

SOLUTION: The dual mode band pass filter 1 has a tri-plate structure where 
ground electrodes 3, 6 are placed above and under a metallic film 9 via a 
dielectric substrate layer to configure a resonator, the ground electrodes 3, 6 are 
interconnected electrically by ground connection electrodes 7, 8, the ground 
electrodes 3, 6 and the ground connection electrodes 7, 8 apply electromagnetic 
shield to the metallic film 9, input output connection electrodes 12, 13 connected 
to input output coupling circuits 10, 1 1 are formed to end faces 2e, 2f of a 
dielectric board 2 and act like a resonance exciting source of a structure 
comprising the ground electrodes 3, 6 and the ground connection electrodes 7, 8. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the height location with the dielectric substrate which has the 1st and 
2nd principal plane, and said dielectric substrate, it is formed partially. The metal 
membrane in which the through tube or lobe for two or more resonance modes 
occurring when an input is ****(ed), and combining these two or more resonance 
modes is formed, Two or more ground electrodes formed in the 1st, the 2nd 
principal plane, or the interior of a dielectric substrate so that it might counter 
through said metal membrane and a dielectric substrate layer, The ground 
connection electrode prepared so that it might connect electrically said two or 
more ground inter-electrode, The input/output terminal formed in the 1st and 2nd 
principal plane of said dielectric substrate, and one pair of I/O coupled circuits 
combined to said metal membrane in the part from which this metal membrane 



differs, It has the I/O connection electrode which has connected electrically said 
input/output terminal and said I/O coupled circuit. The dual mode band pass filter 
with which said metal membrane is arranged up and down through a dielectric 
substrate layer, and said two or more ground electrodes are characterized by 
constituting TORIPU rate structure. 

[Claim 2] The dual mode band pass filter according to claim 1 constituted so that 
the structure which consists of said ground electrode and a ground connection 
electrode may resonate separately from two or more resonance modes produced 
in said metal membrane. 

[Claim 3] The dual mode band pass filter according to claim 2 whose resonance 
mode of the structure which consists of said ground electrode and a ground 
connection electrode is the TE mode or the deformation mode of the TM mode. 
[Claim 4] The dual mode band pass filter according to claim 2 or 3 with which the 
resonance frequency of the resonance mode of the structure which consists of 
said ground electrode and a ground connection electrode differs from the 
resonance frequency of two or more resonance modes produced in said metal 
membrane. 

[Claim 5] The dual mode band pass filter according to claim 2 to 4 with which the 
resonance mode of the structure which consists of said ground electrode and a 
ground connection electrode, and said two or more resonance modes produced 
in said metal membrane are combined, and the band pass filter is constituted. 
[Claim 6] The property adjustment approach of a band pass filter according to 
claim 1 to 5 characterized by changing the resonance length of the structure who 
consists of said ground electrode and a ground connection electrode so that it 
may appear in the frequency location which the resonance frequency of the 
resonance mode of the structure which consists of said ground electrode and a 
ground connection electrode considers as a request. 

[Claim 7] The property adjustment approach of a band pass filter according to 
claim 1 to 5 characterized by adjusting the structure of said I/O connection 
electrode so that the impedance at the time of resonance of the structure which 



consists of said ground electrode and a ground connection electrode may serve 
as a desired value. 

[Claim 8] The duplexer characterized by having a dual mode band pass filter 
according to claim 1 to 5. 

[Claim 9] The radio communication equipment characterized by having a dual 
mode band pass filter according to claim 1 to 5 as a band-pass filter. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the dual mode band pass filter 
used as a band-pass filter in the transmitter of a microwave - millimeter wave 
band, and its property adjustment approach. 
[0002] 

[Description of the Prior Art] Conventionally, the dual mode band pass filter is 
variously proposed as a band pass filter used in a high frequency field 
(MINIATURE DUAL MODE MICROSTRIP FILTERS, J.A.Curtis and 
S.J.Fiedziuszko, 1991 IEEE MTT-S Digest, etc.). 



[0003] Drawing 11 and drawing 12 are each typical top view for explaining the 
conventional dual mode band pass filter. In the band pass filter 200 shown in 
drawing 1 1 , the circular electric conduction film 201 is formed on the dielectric 
substrate (not shown). The I/O coupled circuit 202 and the I/O coupled circuit 203 
are combined with this electric conduction film 201 so that the include angle of 90 
degrees may be made mutually. And the tip disconnection stub 204 is formed in 
the location which makes the include angle of 45 degrees of central angles to the 
part by which the above-mentioned I/O coupled circuit 203 is arranged. The 
resonance mode which is two from which resonance frequency differs by this is 
combined, and the band pass filter 200 is constituted so that it may operate as a 
dual mode band pass filter. 

[0004] Moreover, in the dual mode band pass filter 210 shown in drawing 12 , the 
electric conduction film 211 of an abbreviation square is formed on the dielectric 
substrate. The I/O coupled circuit 212,213 is combined with this electric 
conduction film 21 1 so that the include angle of 90 degrees may be made 
mutually. Moreover, the corner section with a location of 135 degrees is missing 
to the I/O coupled circuit 213. by preparing lack partial 211a, if the resonance 
frequency of two resonance modes is **, it carries out -- having -- **** -- this - 
resonance in the mode whose number is two is combined and a band pass filter 
210 operates as a dual mode band pass filter. 

[0005] On the other hand, it replaces with the circular electric conduction film, 
and the dual mode filter using the circular ring-like electric conduction film is also 
proposed (JP,9-139612,A, JP,9-162610,A, etc.). That is, the dual mode filter 
which arranges an I/O coupled circuit so that the include angle of 90 degrees of 
central angles may be made, and comes to prepare a tip disconnection stub to a 
part of ring-like transmission line as well as the dual mode band pass filter shown 
in drawing 1 1 is indicated using the circular ring-like ring transmission line. 
[0006] Moreover, the dual mode filter using the same ring-like transmission line is 
indicated by JP, 6-1 12701, A. As shown in drawing 13 , the ring resonator with 
which the circular ring-like electric conduction film 222 is formed on the dielectric 



substrate consists of this dual mode filter 221 . Here, to the circular ring-like 
electric conduction film 222, four terminals 223-226 are constituted so that 90 
degrees may be made mutually. Two terminals 223,224 arranged in the location 
which makes the include angle of 90 degrees mutually among four terminals are 
combined with the I/O coupled circuit 227,228, and the two remaining terminals 
225,226 are connected through the feedback circuit 230. 
[0007] The orthogonal mode resonance which is not mutually combined by the 
above-mentioned configuration in the ring resonator which consists of the one 
strip line is produced, and the purport which can control degree of coupling by 
the above-mentioned feedback circuit 230 is indicated. 
[0008] 

[Problem(s) to be Solved by the Invention] In the conventional dual mode band 
pass filter shown in drawing 1 1 and drawing 12 , by forming one electric 
conduction film pattern, two steps of band pass filters can be constituted, 
therefore the miniaturization of a band pass filter can be attained. 
[0009] However, in the electric conduction film pattern of a round shape or a 
square, since it had the configuration which separates the above-mentioned 
specific include angle and combines an I/O coupled circuit, degree of coupling 
could not be enlarged but there was a fault that a large passband could not be 
obtained. 

[0010] Moreover, in the band pass filter circular [ electric conduction / 201 ] and 
shown in drawing 12 with the band pass filter shown in drawing 1 1 , the square 
and the configuration are mostly limited for the electric conduction film 211. 
Therefore, there was also a problem that the degree of freedom of a design was 
low. 

[0011] Moreover, there was a problem that it was difficult for JP, 9-1 3961 2,A or 
JP,9-162610,A also in the dual mode band pass filter using a ring-like resonator 
like a publication to enlarge degree of coupling similarly, and the configuration of 
a ring-like resonator was limited. 

[0012] On the other hand, by using a feedback circuit 230 for JP,6-1 12701, A 



mentioned above with the dual mode filter 221 of a publication, adjustment of 
degree of coupling is performed and it is supposed that broadband-ization is 
attained. However, there was a problem that a feedback circuit 230 was required 
for this advanced technology with the dual mode filter of a publication, and 
circuitry made it complicated. In addition, it was limited too that the configuration 
of a ring-like resonator is in a circle, and there was a problem that the degree of 
freedom of a design was low. 

[0013] The purpose of this invention can enlarge degree of coupling, adjustment 
of degree of coupling is still easier for it, it not only can attain a miniaturization, 
but it can realize [ it can cancel the fault of the conventional technique mentioned 
above, ] a large passband easily, and is to offer the dual mode band pass filter 
which was further excellent in the degree of freedom of a design, and its property 
adjustment approach. 

[0014] Other purposes of this invention are to offer the duplexer and radio 
communication equipment which have the dual mode band pass filter constituted 
according to this invention. 
[0015] 

[Means for Solving the Problem] The dual mode band pass filter concerning this 
invention In the height location with the dielectric substrate which has the 1st and 
2nd principal plane, and said dielectric substrate, it is formed partially. The metal 
membrane in which the through tube or lobe for two or more resonance modes 
occurring when an input is ****(ed), and combining these two or more resonance 
modes is formed, Two or more ground electrodes formed in the 1st, the 2nd 
principal plane, or the interior of a dielectric substrate so that it might counter 
through said metal membrane and a dielectric substrate layer, The ground 
connection electrode prepared so that it might connect electrically said two or 
more ground inter-electrode, The input/output terminal formed in the 1st and 2nd 
principal plane of said dielectric substrate, and one pair of I/O coupled circuits 
combined to said metal membrane in the part from which this metal membrane 
differs, It is characterized by having the I/O connection electrode which has 



connected electrically said input/output terminal and said I/O coupled circuit, 
arranging said metal membrane up and down through a dielectric substrate layer, 
and said two or more ground electrodes constituting TORIPU rate structure. 
[0016] The structure which consists of said ground electrode and a ground 
connection electrode consists of specific aspects of affairs of this invention so 
that it may resonate separately from two or more resonance modes produced in 
said metal membrane. 

[0017] On other specific aspects of affairs of this invention, the resonance mode 
of the structure which consists of said ground electrode and a ground connection 
electrode is the TE mode or the deformation mode of the TM mode. 
[0018] On other specific aspects of affairs of this invention, the resonance 
frequency of the resonance mode of the structure which consists of said ground 
electrode and a ground connection electrode differs from the resonance 
frequency of two or more resonance modes produced in said metal membrane 
further. 

[0019] The resonance mode of the structure which consists of said ground 
electrode and a ground connection electrode, and said two or more resonance 
modes produced in said metal membrane are combined, and the band pass filter 
consists of another specific aspects of affairs of this invention. 
[0020] The dual mode band pass filter concerning this invention On the aspect of 
affairs which can adjust a property easily and has this invention So that it may 
appear in the frequency location which the resonance frequency of the 
resonance mode of the structure which consists of said ground electrode and a 
ground connection electrode considers as a request The property adjustment 
approach of the band pass filter characterized by changing the resonance length 
of the structure who consists of said ground electrode and a ground connection 
electrode is offered. On other specific aspects of affairs The property adjustment 
approach of the band pass filter characterized by adjusting the structure of said 
I/O connection electrode is offered so that the impedance at the time of 
resonance of the structure which consists of said ground electrode and a ground 



connection electrode may serve as a desired value. 

[0021] The duplexer concerning this invention is characterized by having the dual 

mode band pass filter constituted according to this invention. 

[0022] The radio communication equipment concerning this invention is 

characterized by having the dual mode band pass filter constituted according to 

this invention. 

[0023] 

[Embodiment of the Invention] Drawing 1 (a) and (b) are the perspective views 
and transverse-plane sectional views showing the appearance of the dual mode 
band pass filter concerning the 1st example of this invention, and drawing 1 (c) is 
the flat-surface sectional view showing the metal membrane and input/output 
terminal for constituting the resonator currently formed in the interior of the dual 
mode band pass filter of this example. 

[0024] The dual mode band pass filter 1 has the rectangular dielectric substrate 2. 
Although especially the ingredient that constitutes the dielectric substrate 2 is not 
necessarily limited, it is constituted from this example by the Mg-Si-B-0 system 
crystallized glass which is specific inductive capacity epsilon= 7 and 
tandelta=0.001 (at30GHz). 

[0025] The ground electrode 3 is mostly formed in the whole surface on the top 
face as the 1st principal plane of the rectangle tabular dielectric substrate 2. The 
ground electrode 3 has the notches 3a and 3b which meet a pair of edge 2a 
which counters and suits, and 2b on the top face of the dielectric substrate 2. In 
this notch 3a and 3b, it is separated from the ground electrode 3, namely, 
insulates with the ground electrode 3 electrically, and input/output terminals 4 
and 5 are formed, respectively. The input/output terminal is constituted by the 
rectangular electrode layer. 

[0026] The ground electrode 6 is formed in the whole surface on the inferior 
surface of tongue as the 2nd principal plane of the dielectric substrate 2. 
Moreover, the ground connection electrodes 7 and 8 are formed in the side faces 
2c and 2d of the pair located in the both sides of edge 2a of the top face of the 



dielectric substrate 2, and 2b. The ground connection electrodes 7 and 8 are 
formed in order to connect electrically the ground electrodes 3 and 6 currently 
formed in the top face and inferior surface of tongue of the dielectric substrate 2. 
[0027] On the other hand, the metal membrane 9 for constituting a resonator is 
partially formed in the height location with the interior of the dielectric substrate 2. 
The metal membrane 9 is arranged at these and parallel so that the ground 
electrodes 3 and 6 may be overlapped through a dielectric substrate layer. 
[0028] In this example, the flat-surface configuration of a metal membrane 9 is a 
rectangle, and has through tube 9a. Although through tube 9a is also a rectangle, 
this through tube 9a is prepared in order to combine the resonance mode spread 
in the direction of a long side of a metal membrane 9, and the resonance mode 
prolonged in the direction of a shorter side. 

[0029] That is, when an input is applied from one side of input/output terminals 4 
and 5, in a metal membrane 9, the resonance mode spread in the direction of a 
long side and the direction of a shorter side occurs. The resonance frequency of 
the resonance mode spread in the direction of a long side differs from the 
resonance frequency of the resonance mode spread in the direction of a shorter 
side. And through tube 9a has the configuration of the rectangle extended in the 
direction parallel to the long side of a metal membrane 9. Therefore, the 
resonance electric field of the resonance mode spread in the direction of a 
shorter side can weaken by existence of through tube 9a. In this example, by 
adjusting the magnitude of this through tube 9a, the resonance frequency of the 
resonance mode spread in the direction of a shorter side is adjusted, the 
resonance mode spread in the direction of a shorter side by it and the resonance 
mode spread in the direction of a long side are combined, and the property as a 
dual mode band pass filter is acquired. 

[0030] In other words, the above-mentioned through tube 9a is constituted so 
that the two above-mentioned resonance modes produced in a metal membrane 
9 may be combined. In the same height location as a metal membrane 9, 
predetermined distance is separated for the shorter side of a metal membrane 9, 



and the electrode layers 10 and 11 which constitute an I/O coupled circuit are 
formed. Capacity coupling of the electrode layers 10 and 1 1 is carried out to the 
metal membrane 9. 

[0031] Moreover, as for electrode layers 10 and 1 1 , the outside edge is pulled out 
by the end faces 2e and 2f of the pair of the dielectric substrate 2, respectively. 
On the other hand, the I/O connection electrodes 12 and 13 are formed in end 
faces 2e and 2f. It connects with the above-mentioned electrode layers 10 and 
1 1 electrically, and the I/O connection electrodes 12 and 13 are electrically 
connected to input/output terminals 4 and 5 in the upper limit, respectively. 
[0032] The I/O connection electrodes 12 and 13 are formed in order to connect 
electrically the electrode layers 10 and 11 as the above-mentioned I/O coupled 
circuit, and the input/output terminals 4 and 5 currently formed in the top face of 
the dielectric substrate 2. Since input/output terminals 4 and 5 are formed in the 
top face of the dielectric substrate 2 and electrode layers 10 and 1 1 are formed in 
the middle height location in this example, the I/O connection electrodes 12 and 
13 It extends to the location which extends caudad and is electrically connected 
to the electrode layers 10 and 11 as an I/O coupled circuit on end-face 2e and 2f 
from edge 2a of end faces 2e and 2f and a top face to make, and 2b. 
[0033] That is, the I/O connection electrodes 12 and 13 are formed in the end 
faces [ 2e and 2f ] lower limit so that it may not result. The ground electrode 3 
mentioned above, input/output terminals 4 and 5, the ground electrode 6, the 
ground connection electrodes 7 and 8, a metal membrane 9, electrode layers 10 
and 11, and the I/O connection electrodes 12 and 13 are all formed of Cu by this 
example. But it is not limited especially about the electrode material which 
constitutes these electrodes. 

[0034] Since a dielectric substrate is constituted on the occasion of manufacture 
of the above-mentioned dual mode band pass filter 1, the dielectric green sheet 
of the rectangle of two or more sheets is prepared. Next, each electrode structure 
formed in the top face, middle height location, and inferior surface of tongue of a 
dielectric substrate is printed on a respectively different green sheet to a 



dielectric green sheet. And a plain dielectric green sheet is made to intervene in 
between if needed further, the laminating of the dielectric green sheet with which 
these electrodes were printed is carried out, and a layered product is obtained. 
After pressurizing the obtained layered product in the thickness direction, the 
dielectric substrate 2 is obtained by calcinating. Thus, what is necessary is just to 
form the I/O connection electrodes 12 and 13 and the ground electrodes 7 and 8 
in the end faces 2e and 2f of the obtained dielectric substrate 2 by proper 
approaches, such as spreading, printing, etc. of conductive paste. 
[0035] As mentioned above, the dielectric substrate 2 can really [ well-known / 
ceramic ] be easily obtained with a baking technique from before. 
[0036] The dual mode band pass filter 1 of this example has the metal membrane 
9 for constituting a resonator in a middle height location, and has the upper part 
of a metal membrane 9, and the so-called TORIPU rate structure where the 
ground electrodes 3 and 6 are arranged caudad. And electromagnetic shielding 
of the perimeter of the metal membrane 9 which constitutes a resonator is carried 
out with the ground electrodes 3 and 6 and the ground connection electrodes 7 
and 8. Therefore, reduction of loss can be achieved. 

[0037] In addition, the structure which consists of the above-mentioned ground 
electrodes 3 and 6 and ground connection electrodes 7 and 8 resonates 
separately from two or more resonance modes of the resonator which consists of 
metal membranes 9. Namely, different resonance electromagnetic field from the 
resonance electromagnetic field in the above-mentioned metal membrane 9 exist 
in the space surrounded mainly with the ground electrodes 3 and 6 and the 
ground connection electrodes 7 and 8 by making the I/O connection electrodes 
12 and 13 into the source of excitation. Therefore, resonance separate from two 
or more resonance modes produced in a metal membrane 9 is controllable by 
changing the configuration of the structure which consists of ground electrodes 3 
and 6 and ground connection electrodes 7 and 8 etc. Similarly, resonance 
separate from two or more resonance modes produced in a metal membrane 9 is 
controllable by changing the configuration of the I/O connection electrodes 12 



and 13 etc. Therefore, the property of a dual mode band pass filter can be 
adjusted easily. 

[0038] For example, a multistage filter can be constituted by making the 
resonance frequency of the structure which turns into resonance frequency of the 
metal membrane 9 of the dual mode band pass filter 1 from the above-mentioned 
ground electrodes 3 and 6 and the ground connection electrodes 7 and 8 
approach. Or a filter shape without spurious one can be obtained moving the 
resonance frequency of the structure which consists of the above-mentioned 
ground electrodes 3 and 6 and ground connection electrodes 7 and 8 in addition 
to the decay area of a dual mode band pass filter, or by adjusting an impedance 
so that resonance of the above-mentioned structure may become small. 
[0039] Next, the concrete example of an experiment of the dual mode band pass 
filter 1 of this example is explained. In this example of an experiment, the metal 
membrane 9 was designed so that passband center frequency might be set to 
about 21 GHz. That is, the long side of a metal membrane 9 was set to 2.2mm, 
and the shorter side was set to 1 .2mm. in order [ moreover, ] to combine the 
resonance of the direction of a long side and the resonance of the direction of a 
shorter side which are produced in a metal membrane 9 - a metal membrane 9 - 
- through tube of 0.5mm of 1 .8mm x shorter sides of long sides 9a was mostly 
formed in the core. 

[0040] Moreover, the dimension of the dielectric substrate 2 was made into 
1 .9mm x height of 0.6mm of about 3.0mm x shorter sides of long sides. [ near the 
corner part of each shorter side of a metal membrane 9 ], the shorter side and 
the gap of 40 micrometers were separated and the electrode layers 10 and 1 1 of 
the shape of a 0.3x0. 36mm rectangle were formed. 

[0041] moreover, the above-mentioned metal membrane 9 and electrode layers 
10 and 1 1 -- method ** of height of the dielectric substrate 2 -- it has arranged in 
the center mostly. Furthermore, the I/O connection electrodes 12 and 13 were 
made into the die length which connects the input/output terminals 4 and 5 on top 
and the electrode layers 10 and 11 formed in the middle height location, and set 



to 300 micrometers the width of face (namely, dimension of the height direction 
and the direction which intersects perpendicularly). 

[0042] The frequency characteristics of the reflection property of the dual mode 
band pass filter 1 of the above-mentioned design are shown in drawing 2 . In 
drawing 2 , the resonance which shows the resonance which appears in the low 
frequency side for the resonance shown by the arrow head A to obtain the filter 
shape of a metal membrane 9, and is shown by the arrow head B which appears 
in the high-frequency side supports resonance by the structure which consists of 
ground electrodes 3 and 6 and ground connection electrodes 7 and 8. 
[0043] It consists of this examples so that resonance frequency of resonance of 
the structure which consists of ground electrodes 3 and 6 and ground connection 
electrodes 7 and 8 may be made quite higher than the resonance frequency of 
the resonance A for obtaining a filter shape, it may fully be detached, therefore 
the damping property of a filter may not be influenced, so that clearly from 
drawing 2 . The invention-in-this-application person calculated the 
electromagnetic-field distribution in the resonance shown by the arrow head B of 
drawing 2 using the electromagnetic-field simulator made from Hewlett Packard 
(lot number HFSS). A result is shown in drawing 3 (a) and (b) in schematic 
drawing. 

[0044] Drawing 3 (a) shows the electromagnetic-field distribution at the time of 
carrying out plane view of the dielectric substrate 2, and (b) shows the 
electromagnetic-field distribution seen from [ passing through the center of the 
dielectric substrate 2 ] the transverse-plane sectional view. It turns out that 
electric field strong against the thickness direction of the dielectric substrate 2 
have occurred in the center of the dielectric substrate 2, and the field has 
occurred so that it may turn around this electric field so that clearly from drawing 
3 (a) and (b). 

[0045] In addition, the arrow head which the part which carried out hatching of 
the center in drawing 3 (a) shows the strong part of electric field, and is shown 
with a surrounding alternate long and short dash line shows vector distribution of 



a field. Moreover, the arrow head prolonged in the thickness direction of the 
dielectric substrate 2 in drawing 3 (b) shows an electric field vector. 
[0046] Generally as for the electromagnetic-field distribution shown in drawing 3 
(a) and (b), the resonance mode of a cavity resonator, the TE mode known or the 
TM mode equivalent to this, and distribution are similar. In this example, the end 
faces 2e and 2f which are not covered with a ground electrode exist, and differing 
is in the point that electromagnetic field have leaked outside from these end 
faces 2e and 2f a little. 

[0047] Although the invention-in-this-application person was not yet well-known 
in order to compare with the dual mode band pass filter 1 of the above- 
mentioned example, he produced the dual mode band pass filter which has the 
structure currently indicated by the application for patent No. 47919 [ 2000 to ]. 
As shown in drawing 4 (a) and (b), this dual mode band pass filter 21 is 
constituted using the dielectric substrate 22, and the ground electrode 3 and 
input/output terminals 4 and 5 are formed in the top face of the dielectric 
substrate 22 like the case of the dual mode band pass filter 1 . But in the dual 
mode band pass filter 21, a metal membrane 9 and the electrode layers 10 and 
1 1 as an I/O coupled circuit are formed in the inferior surface of tongue of the 
dielectric substrate 22. That is, the dual mode band pass filter 21 does not have 
TORIPU rate structure, and has the same structure as the dielectric filter of micro 
slip structure. 

[0048] In addition, it is formed so that the I/O connection electrodes 23 and 24 for 
connecting input/output terminals 4 and 5 with electrode layers 10 and 1 1 
electrically may reach [ from the upper limit which is end faces 22e and 22f ] a 
lower limit. 

[0049] As mentioned above, if it removes not considering as TORIPU rate 
structure, the frequency characteristics of the reflection property of the dual mode 
band pass filter 1 of the 1st example and the dual mode band pass filter 21 
designed similarly are shown in drawing 5 . 

[0050] Although the resonance for obtaining the filter shape shown by the arrow 



head C is obtained so that clearly from drawing 5 , the resonance B shown in 
drawing 2 is not seen at a cycle side. That is, in the dual mode band pass filter 
21 shown in drawing 4 , since it does not have the structure where the metal 
membrane 9 for constituting a resonator is covered and shielded with the ground 
electrode and the ground connection electrode, the resonance B in the dual 
mode band pass filter 1 does not exist, therefore -- since another resonance 
using a ground electrode does not arise in the dual mode band pass filter 21 -- 
this - using another resonance, a filter shape is adjusted or it turns out that 
multistage-ization cannot be performed. 

[0051] Next, it computed using the simulator which mentioned above the radiant 
efficiency (input power and radiation power comparatively) of the resonance C 
(refer to drawing 5 ) for obtaining the filter shape in the resonance A for obtaining 
the filter shape in the dual mode band pass filter 1 (referring to drawing 2 ), and 
the dual mode band pass filter 21 . Consequently, with the dual mode band pass 
filter 1 of an example, it turned out to radiant efficiency being less than 1% that 
radiant efficiency is very as large as 36% with the dual mode band pass filter 21 . 
[0052] Therefore, in the dual mode band pass filter 1 of this example, since 
electromagnetic shielding of the metal membrane 9 is carried out with the ground 
electrodes 3 and 6 and the ground connection electrodes 7 and 8, it turns out 
that the radiation from a filter is fully controlled. 

[0053] In the dual mode band pass filter 1 of the 1st example, although the 
ground connection electrodes 7 and 8 prepared in the side faces 2c and 2d of the 
dielectric substrate 2 connected electrically, the ground electrodes 3 and 6 may 
connect still more electrically the ground electrode 3 on top and the ground 
electrode 6 at the bottom with the beer hall electrodes 41 and 42, as shown in 
drawing 6 (a). Here, the ground electrodes 3 and 6 are electrically connected by 
not only the ground connection electrodes 7 and 8 but the beer hall electrodes 41 
and 42. 

[0054] As shown in drawing 6 (a), it approaches and the beer hall electrodes 41 
and 42 are arranged, although the both sides of the I/O connection electrode 12 



insulate electrically [ this I/O connection electrode 12 ]. That is, the beer hall 
electrodes 41 and 42 are formed so that the lateral surface may be exposed to 
end-face 2e, and in upper limit, they are formed so that lack section 3a may be 
expected. The property of the dual mode band pass filter 1 can be adjusted by 
adjusting the location of the beer hall electrodes 41 and 42 preparing in the 
location which is distant from the I/O connection electrode 12 from the location 
which shows the beer hall electrodes 41 and 42 to drawing 6 (a), or by changing 
a location so that you may make it located inside end-face 2e. In addition, in 
drawing 6 (a), although only the end-face 2e side was illustrated, the beer hall 
electrode is similarly formed in 2f side of end faces. 

[0055] Moreover, drawing 6 (b) is the transverse-plane sectional view showing 
the 2nd modification of the dual mode band pass filter 1. In the dual mode band 
pass filter 51 of the 2nd modification, it is arranged so that it may be formed in 
the height location where a metal membrane 9 differs from the electrode layers 
10 and 11 which constitute an I/O coupled circuit and electrode layers 10 and 11 
may overlap partially through a dielectric substrate layer to a metal membrane 9. 
Thus, a metal membrane 9 and the electrode layers 10 and 1 1 which constitute 
an I/O coupled circuit may be arranged in a different height location. Moreover, a 
filter shape can also be adjusted by adjusting the lap area and distance of 
electrode layers 10 and 1 1 and a metal membrane 9. 

[0056] The frequency characteristics of the reflection property of the dual mode 
band pass filter of each modification shown in drawing 6 (a) and (b) are shown in 
drawing 7 (a) and (b), respectively. 

[0057] In each frequency characteristics shown in drawing 7 (a) and (b), it turns 
out that resonance by the side of the RF shown by the arrow head B shown in 
drawing 2 does not exist. That is, by adjusting the structure of the I/O circuit part 
containing the I/O connection electrodes 12 and 13 and the I/O connection 
electrodes 12 and 13 shows that the impedance of resonance of the structure 
which consists of ground electrodes 3 and 6 and ground connection electrodes 7 
and 8 changed. In addition, with an I/O connection circuit part, not only the I/O 



connection electrodes 12 and 13 but the electrode layers 10 and 1 1 shall be 
included. 

[0058] The I/O connection circuit part containing the I/O connection electrodes 1 1 
and 12 is equivalent to the source of excitation of resonance of the structure 
which consists of the above-mentioned ground electrodes 3 and 6 and ground 
connection electrodes 7 and 8. Therefore, as shown in drawing 6 (a), resonance 
of the above-mentioned structure can be made small making ground potential 
approach or by making the source of excitation small, as shown in drawing 6 (b) 
by forming the beer hall electrodes 41 and 42 in the source of excitation. On the 
contrary, resonance of the above-mentioned structure can also be enlarged 
keeping away ground potential from the source of excitation, or by enlarging the 
source of excitation. 

[0059] Drawing 8 is the appearance perspective view of the dual mode band 
pass filter concerning the 2nd example of this invention. The dual mode band 
pass filter 61 of this example is constituted like the dual mode band pass filter 1 
of the 1st example, if it removes that the electrical installation structures of the 
ground electrode 3 on top and the ground electrode 6 at the bottom differ. That is, 
in this example, a ground connection electrode is not formed in side faces 2c and 
2d, but the ground electrode 3 and the ground electrode 6 are electrically 
connected by four beer hall electrodes 62-65. 

[0060] The beer hall electrodes 62-65 are formed near the corner part of the 
dielectric substrate 2. Here, electromagnetic shielding of the perimeter of a metal 
membrane 9 (refer to drawing 1 , although not illustrated in drawing 8 ) is carried 
out by the structure which consists of ground electrodes 3 and 6 and beer hall 
electrodes 62-65. Thus, the ground connection electrode may be constituted by 
two or more beer hall electrodes. 

[0061] The frequency characteristics of the reflection property of the dual mode 
band pass filter 61 are shown in drawing 9 . In addition, drawing 9 differs from 
drawing 2 in the point which is drawing which expanded the resonance part for 
constituting the filter which appears in a low frequency side. 



[0062] In drawing 9 , an arrow head B shows resonance of a filter and two 
resonance modes are combined in fact. Furthermore, it turns out that resonance 
of the structure which consists of the ground electrodes 3 and 6 and the beer hall 
electrodes 62-65 which are shown by the arrow head D approaches Resonance 
B, and a filter shape just like three steps of filters is obtained. 
[0063] With the dual mode band pass filter 1 of the 1st example, since the beer 
hall electrodes 62-65 are used to the ground connection electrodes 7 and 8 
having been formed all over being side faces 2c and 2d, with the dual mode band 
pass filter 61, an inductance is loaded with the beer hall electrodes 62-65, and 
this is considered that the resonance frequency of the above-mentioned structure 
fell by it. In addition, the resonance current in electromagnetic-field distribution of 
the resonance in this structure is checked by the simulator which flowing in order 
of the ground electrode 3, the beer hall electrodes 62-65, the ground electrode 6, 
and the beer hall electrodes 62-65 mentioned above. 

[0064] In the dual mode band pass filter concerning this invention, changing the 
electrode structure of the I/O circuit section containing a ground electrode and a 
ground connection electrode, or an I/O connection electrode or by adjusting 
these locations show that a filter shape can be adjusted variously so that clearly 
from the 1st and 2nd example and each modification which were mentioned 
above. 

[0065] In addition, the dual mode band pass filter concerning this invention is not 
limited to each example and modification which were mentioned above. 
Especially the structure of a ground electrode and a ground connection electrode 
can choose the magnitude, a configuration, a location, etc. freely, in order to 
change the resonance length of the structure who consists of these. Moreover, 
since it acts as a source of excitation of the structure which contains the above- 
mentioned ground electrode also about the structure of the I/O connection circuit 
containing an I/O connection electrode, it can choose freely also about the 
magnitude of the I/O connection circuit part containing an I/O connection 
electrode, a configuration, and a location. 



[0066] Moreover, in constituting TORIPU rate structure, the dielectric substrate 
layer may be prepared in the pan of the ground electrode of the upper and lower 
sides of the metaled film up and down, therefore the ground electrode may be 
formed in the dielectric substrate. 

[0067] Next, the case where the dual mode band pass filter of this invention is 
used for a duplexer and a radio communication equipment is explained using 
drawing 10 . Drawing 10 is the duplexer DPX which used the dual mode band 
pass filter, and the block diagram showing one example of the important section 
of the radio communication equipment 300 using it. The duplexer DPX of this 
example connects two dual mode band pass filters BPF1 and BPF2 of this 
invention, and is constituted, and is equipped with three ports P1, P2, and P3 as 
shown in drawing 10 . 

[0068] The port P1 of Duplexer DPX is formed in the end of BPF1 , and is 
connected to the transmitting section TX. Moreover, the port P2 of Duplexer DPX 
is formed in the end of BPF2, and is connected to the receive section RX. 
Furthermore, it connects with the other end of BPF1, and the other end of BPF2, 
and the port P3 of Duplexer DPX is connected to Antenna ANT. 
[0069] By constituting as mentioned above, the dual mode band pass filter of this 
invention can be used as a duplexer. Therefore, the degree of freedom of a 
design is high and the duplexer which can obtain easily the bandwidth 
considered as a request can be obtained. 

[0070] Moreover, the radio communication equipment excellent in communication 
link quality can be easily obtained as mentioned above by using the dual mode 
band pass filter and duplexer of this invention for a radio communication 
equipment. 
[0071] 

[Effect of the Invention] According to the dual mode band pass filter concerning 
this invention, the ground electrode with which the metal membrane for 
constituting a resonator is formed in the dielectric substrate, and it has the 
TORIPU rate structure of a metal membrane where the ground electrode is 



formed up and down, through this metal membrane and a dielectric layer, and a 
metal membrane is located up and down is electrically connected by the ground 
connection electrode. Therefore, since electromagnetic shielding of the metal 
membrane is carried out with the ground electrode and the ground connection 
electrode, radiation to the exterior in a dual mode band pass filter can be reduced. 
Therefore, the problem from which reduction of the insertion loss of a dual mode 
band pass filter can be achieved, or a dual mode band pass filter serves as a 
noise source is solvable. 

[0072] Moreover, multistage-ization of a band pass filter can be achieved using 
the resonance mode of the structure which consists of a ground electrode and a 
ground connection electrode, i.e., by using the filter shape obtained by the metal 
membrane, and the resonance mode of the above-mentioned structure. 
Moreover, a good filter shape without spurious one can be obtained by adjusting 
the resonance frequency of the above-mentioned structure. 
[0073] Furthermore, with the conventional dual mode band pass filter, with the 
dual mode band pass filter applied to this invention to the configuration of the 
metal membrane which constitutes a resonator having had constraint, or the 
location of the joint of an I/O coupled circuit having had constraint, since there is 
such no constraint, the degree of freedom of a design can be raised sharply. And 
a property can be sharply adjusted by changing the location of the dimension of a 
metal membrane, the dimension of a through tube, or the joint of an I/O coupled 
circuit. 

[0074] When the structure which consists of a ground electrode and a ground 
connection electrode is constituted so that it may resonate separately from two or 
more resonance modes produced in a metal membrane, using the resonance 
mode of the structure which consists of this ground electrode and a ground 
connection electrode, multistage-ization of a filter can be achieved as mentioned 
above, or a filter shape without spurious one can be obtained. 
[0075] A good filter shape without spurious one resulting from resonance by the 
above-mentioned structure can be obtained by changing the resonance 



frequency of the resonance mode of the structure which consists of a ground 
electrode and a ground connection electrode with the resonance frequency of 
two or more resonance modes produced in a metal membrane. 
[0076] When the resonance mode of the above-mentioned structure and two or 
more resonance modes produced in a metal membrane are combined, the filter 
shape of a multistage type can be obtained by it. 

[0077] In the property adjustment approach of the band pass filter concerning this 
invention, the resonance frequency of the above-mentioned structure can be 
adjusted to a desired frequency location by changing the resonance length of the 
structure who consists of a ground electrode and a ground connection electrode. 
[0078] Moreover, in the property adjustment approach of the band pass filter 
concerning this invention, if the structure of the above-mentioned I/O connection 
electrode is adjusted, since this I/O connection electrode will act as a source of 
excitation of the structure which consists of a ground electrode and a ground 
connection electrode, it can adjust to the value of a request of the impedance at 
the time of resonance of the structure which consists of a ground electrode and a 
ground connection electrode easily. 

[0079] Since the duplexer and radio communication equipment concerning this 
invention are equipped with the dual mode band pass filter constituted according 
to this invention as a band-pass filter, low loss-ization can be achieved and 
adjustment of a property can acquire a good communication link property easily. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is a flat-surface sectional view for the perspective view showing 
the appearance of the dual mode band pass filter concerning the 1st example of 
this invention and (b) to explain a transverse-plane sectional view, and for (c) 
explain a internal structure. 

[Drawing 2] Drawing showing the frequency characteristics of the reflection 
property of the dual mode band pass filter concerning the 1 st example. 
[Drawing 3] (a) and (b) are a schematic-drawing-top view for explaining the 
electromagnetic-field distribution in the dual mode band pass filter of the 1st 
example, and a schematic-drawing-transverse-plane sectional view. 
[Drawing 4] For (a), (b) is the perspective view showing the appearance of the 
dual mode band pass filter prepared for the comparison although it is not well- 
known, and the typical top view showing the electrode structure currently formed 
in the base of the dual mode band pass filter shown in (a). 
[Drawing 5] Drawing showing the frequency characteristics of the reflection 
property of the dual mode band pass filter shown in drawing 4 . 
[Drawing 6] (a) and (b) are each partial notching perspective view and 
transverse-plane sectional view for explaining the 1st modification and 2nd 
modification of a dual mode band pass filter of an example, respectively. [ 1st ] 
[Drawing 7] (a) and (b) are drawing showing the frequency characteristics of the 
reflection property of the dual mode band pass filter of the 1st and 2nd 
modification shown in drawing 6 (a) and (b). 

[Drawing 8] The appearance perspective view showing the dual mode band pass 
filter concerning the 2nd example of this invention. 

[Drawing 9] Drawing showing the frequency characteristics of the reflection 



property of the dual mode band pass filter of the 2nd example. 

[Drawing 10] The duplexer which has the dual mode band pass filter constituted 

according to this invention, the outline block diagram of the radio communication 

equipment with which the list was equipped with this duplexer. 

[Drawing 11] The typical top view showing an example of the conventional dual 

mode band pass filter. 

[Drawing 12] The typical top view showing other examples of the conventional 
dual mode band pass filter. 

[Drawing 13] The typical top view showing the example of further others of the 
conventional dual mode band pass filter. 
[Description of Notations] 

1 - Dual mode band pass filter 

2 ~ Dielectric substrate 
2a, 2b - Edge 

2c, 2d -- Side face 
2e, 2f - End face 

3 -- Ground electrode 

4 5-- Input/output terminal 

6 - Ground electrode 

7 8-- Ground connection electrode 

9 - Metal membrane 
9a - Through tube 

10 11 - Electrode layer as an I/O coupled circuit 
12 13 -- I/O connection electrode 

41 -- Dual mode band pass filter 

42 43 - Beer hall electrode 

51 -- Dual mode band pass filter 
61 -- Dual mode band pass filter 
62-65 - Beer hall electrode 
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IS^HIHii: LX<DWmi 0 , lit, 1«#:S«2^ 

mt&t:#>iizmft>tix^z. *mmmxte. xm^m 

7-4, 5^iS^f^.tE2f)±iBit©h£$iiT*sO. ^ffi 
JglO, 1 l^r a m$fiEtffM$ilT^I>OT'\ A 
ftWtH1tffil2, 13llSI2e, 2fltfcl^ 
t,SI2e, 2f fc±HfcO^S^2a, 2bA» 

T7jtSV\ ^oA^IS^H^t LTtomSMl 
0, 1 Hcmm«t»^$^l>f5giT«§^TV^ 

[0033] -r^^. A^e^msi 2 , 1 311 

SI2e, 2f<7)TSt(±^t*^15t)fMSilT^ 
S„ ±atfc^7^yFmS3. Am^S7^4, 5, ^ 

f€« 6 . fy^y nmmm 7,8. ^sn 
9 . 10,11 atA'Aai^ssmg 12,13 

(4 . c ^ti i> . *^ffeMT"tt c u i 0 ffM $ iiT v ^ 

s„ t-^fct. zti^conmzmtftt&nmmuz^ 
xim>,zmj£ZiM>coxn^\ 

[0034] ±IBr jl T)\r£— Y • r\y Y^xy 4 )V9 

KvwmtzMixn. mrnfcgmzffif&t&titbiz^ m 
mmmmmm u -yy~ h £mmi-& . at. 
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xmmmnfa? u -y^- Y^rmz^^xmrn 
u mmm%&. ^tuzwm^m^tmiz-mmL 
tdk. m&h - 1 tzx 9 . 2^#^tti. . 

z<nxoizix%t>Mism#£&20>itim2e, 2f 

, AftxJfS^m* 12,13 7 y Km® 7 , 

[0 0 3 5] _hfa«0 i 5 fc, 11M2I1 ft* J; 0 

[0 0 36] %mm<7)T ^T)V^t~ Y ■ A> H;U7 
Md9 Sr^TU ^fllii 9 ^±7j \Z , /7^yF 

mm 3 , 6 Rvy? y Fsm 7 , 

[0 0 3 7] MIX, ±15^5^1***3, 6&tW 
§ 0 -t^-fe, AtfctJSSBiMl 2, 1 3£JM?i:L 

*S7 , 8^tix&2ffliz±s5&m9izmi#m 

VMR b (4H& S ^«WSW**fiRtt4 .fct,^ 
§ flfji#;<o , flU HBK* if S - fc t i 0 . &K 

d9 t i,ifi:o«&- f b imm^mmmimt 
ib h . Affi^jfr^ms 12, n<?) 

fc'Wi 5 1 1 i o , #JI§! 9 T£ c s»o 

k b mmnm^wmth z t & . ft 
j^iws ; b h . 

[00 38] Miff , fa7M- H ■ A> H>« 7 4 

l ayMm 9 . ±fB^ ^>Flt 

3, 6&^"7^yKSrimS7, S^^S^itflaT) 

m-%>z\btfx^z>« foh\m. iMzyy^yvnm 
3, emfyy^ynmmmi , m^^hmmw^ 

immW&k*. f^T)V^-Y ■ rtyY^x? 4iv?<7) 

mmmm&mzith z b t ± o , s ^tt±iE«it#; 

oSS^'/hS < *5 i a £4 y t-^y^fcWt* - 
[ 0 0 3 9 ] mz, *^f|«f7)fam-H ■ A'yF 

a"X7 < /I,* i ojifrwmi£M«j§-f § . *mm 
xn. mm%imt>mmL&m lGHzt&sia 



a§r2. 2 mm, ^1. 2 mm f: Lit. Sfc, AJR 

jg 9 ^Ti 1 5 Jia* ^oftS t Mia* b 

8mmXg20. 5mm«HfL9a^MU:„ 

[0040]it g«#«R2 ^Sii. Jliai^3 . 
OmmXHl. 9mmXS§0. 6mm{;U:„ #1 

m9(o&m<oa--?-®fflmt l zt5^x. mmb a o 

vm<7)*?v vTZMXX. 0. 3X0. 3 6mm«IJ 

j^Kwmasi 0,11 tnu, 

[ 0 0 4 1 ] ifc. ±IBA«il9 10,11 

a. i^m**«2^s§*^(5(j^*tisML^ 0 

A^KM€ffil 2, 1 3(4. ±HOAKx]S^ 
4 , 5 1 10, lit 

•ri>*^^) 143 0 Oximfc U:. 
[0042] JilBISIttOr j-T/^- K ■ A'y bv«7 
A 119 1 tORI«#tttOJH^#tt^@2 t^-f . 02 iz 

ti^X l£M " I IPJJ :^Ml-C^-&. '■' J N ■ . i - ' ".ft: 

mmumzmhixx^i^mx^i-^m^^y^ y y 

V&3, 6RV?7^yYWimMl , 8 
[0043] @2*>6BH^A>* i 5 *^ffiMT14, 

6Svy7vyFgM«ffi7, 8*» 
^hj#(4, @2^eriB-c^§^Ti^^tfeiti)« 

KS^M^. h i - U v h A' -y * - b* aKHli^ y?a 
^-^ (n n nSHFSS) ^ffl^tHtLst. feH£H3 

( a ) &v ( b ) mmmz^-t. 
[ o o 4 4 ] H3 ( a ) (4, %mmm2^mnLtz 
m^mmmm^ u ( b ) (4f^€#ca« 2 
zm&fcmmmmfafrhMJzwmftm^ct. 03 

(a) , (b) s&^HH^^iot, mnfoMM2C0tp 

^ztmi^mm 2 com&Mzte v lt ^ 

0 . 0 15 ^tf i 0 tzWRtfmiLX v^lbft 

[0045] $riS, 03 (a) Cft(t§^£?)A 7 fy 

(b) {z^umw.mu2^w-^^zmuh^\\ 

(4. h/Hr^-To 

[OO46]03 ( a ) &tM b ) t^-tmS^ffi 
(4. HRKffiSH«»^»-h*i:tt^TV^TE 
K*)l> X>(4.Iil(C^jffi^TM K ,t WifiL 
TUS 0 M ; 5rl>tO(4, *H»JT"(4, /77yFtlt 
SfctLT^^V«H2 e , 2 f ##£U ISSH2 e , 

21 v^t 1 I im- t hi- rui> 
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[0047] *mmm&, jjemtwor j.r/i't- 

F ■ A'ypU7^;^ 1 btmthtzmz^ 
TfiSrUj^ ffH2 0 0 0 -4 7 9 1 9-^fcHfK^ilT 
USAB^^St 'jlT/I^E-H ■ AyFAX^^F? 
J^ILt. 04 (a)M(b) t^-T 2 3 £tf> 

f^m-F ■ a> fax 7^72 i^m^s 

«2 2£fflUTlffiS£^TfcD, IlftlS2 2«JiI 

ilTU|, 0 fcoti, taT/R-F ■ Ay FAX 7 4 
)V7 2 1T"(2. fSm#:a«2 2^Tffifc. AMM9MX 
AEfttS^Mi: LT«H« 10,11 «&§tLT 
us. -f^hh, fi7;^-F ■ rfywxyjtv? 

2 l(2FU7V-F|gj££^Si<7)-<:i2%<, V>f? 
ox U 77ll»»7 -f ;l 7 i: |S]«?7«£1rf 

s. 

[0048]^fc,iSI10, HU^Sf4, 
5 ^UMiWcffiM^S fctf><7) Aft7l»t« 2 3,24 
2 2 e , 2 2 f OiiS^TSfc^ S 2 3 fc^filc 
3*UCU£. 

[0 04 9] ±fE?)2 3^ FUrF—Fffiifc^trC 

u^u^^u-ni, micommMcoTj-Tj^-v 
)vt- f ■ Ay fax 7 4 jvf 2 1 <DEMmt&.<nmwk 

[0 0 5 0] BS^HJ^jfp&J;^ ^Epct*-f7 

-* /l^#k£#s izto<?>#mme>tix^htf. mm 

fc«2, 02^U^ffiBiiji£>ii&u, -ffcfc^ 0 
4 L^fi7;«- F ■ Ay FAX 7 4 )V7 2 1 T 

(±, £M£ «-f s ^fe^^MBi 9 aw v y vmm 
rut* 7*7 v mmmmx-mhtix y-iv f $ ttx \ ^s 

fgit^L^UT)-?', fiT/R-F ■ AyFAX74 
/l^lfcBftS^fmAWL^U. ftoT, faW 
■ Ay F ax 7 ^/F7 2 1T12. 7<7*7VYW& 

mm Ltzwi^m^w^x\ mm&mzmm 
LX7 a ivnmmmmi-^ , ^itmozt 

[0 0 5 1 ] mz, fa7M-F ■ A>^U7 4 )V 

7 i {zatfh7 4 )V7mmn&tztbcr)miA (H2# 

B3) faT/l't-K ■ AyF'AX7-i7t^2 1 fcts 
(tl>7^;L-^^tt^#| ) ^OSSC (H5#EB) OK 

mm ( A^m^i f: Mf€7i k <?m& ) zwm Ltz y s 

*U-?£fflUTgajLfc. SIW^T 
;Hr- F ■ Ay FA77 ;F7 1 malt*** 1 1 %* 
iiT'^STHdrfU fa7M-F -a>1!;«7^ 
* 2 1 "CiiMffimff 3 6%t#SW^^hiW 

[ o o 5 2 ] m~?x, *mtmw)T J-T)v±~Y ■ Ay 

F AX 7 1 XM . ? '7 *7 y VW& 3 , 6 MX 7*7 

7y f g Mms 7 , 8 x&mw 9 y~)v f § *rt 



usw, 7 ^ /F7^oMf^'+^ffl§iJ^S c: t 

[ 0 0 5 3 ] Hi ^HSIPJtfDT j. I -t- I - • A> F-A 

X7^/F7 1T12, 7'77yF€*3, 6(2, 11*1 
WL 2 amm 2c, 2 d (CIS i t h tit: 7" 7 7 > F is^l 
7, 8tj;0mMW^»M§tLTt^*\ 06 (a) t 
^-f 2 5 t, b*7*-/t«4 1 , 4 2 1 2 D±ffi07' 
77yFti3t Tfflf)/57 y F«S 6 fc £ § £> ttt 

7, 8fc*ttT5r<, b"T^-;F€S4 1, 4 2tioT 
l/77y FmS3 , 6^€^tfSM§tlTUl> 0 
[ 0 0 5 4 ] 06 ( a ) t^j; 3 K'T^-^mS 
4 1, 4 2 {2, Affi7J»^€Sl 2 0M«t. MXiHtS 
tmWrbl 2kl^»mzifcmiix^g,-?)\ imzti- 
Z&MZtiX^Z. i-^hh. h'7*-;Hi4 1 , 4 
2 (2. 5WflWSffiffi 2 e izmtiit h 2 5 tffM^ilTfc 
0, ^OISC^UTII X^i53at£0^27t^ 

jfiSfLTUi. t"r^-;F€S4l, A2<n\m i tWm. 
■tiifctiO, Wi.tr t7*-;H!4 l , 42^, 
06(a) t^rtfifll i 0 kAftMiME 1 2j6^«I 
iuttSMtiatt -5 ; b iz 2 0 . h h \ ^{2SH 2 e 2 0 

aT/l^E- F • Ay FAX 7 * )V7 1 

ifirti, 06 (a) X\i, SHffl 2 eM^)* 
^0^Uc^\ Sffi2 ffI^UTiM;b"T^-^ 

[00 5 5 ] 06 (b) {2, f^m-F ■ A 
y FA77 ^ 1 ?)H2^^M£^-IEHEM0T- 

*4. ^2«»fa7^-F ■ A> F7U7^ 
JV7 5 1T(2. #MH9i:, AJfJ^^Effi^ffi^S 
H«§t 10, 11 ^M^l>^§ fiMlcffM^tiTfc 0 . 
*^II9 tMLTpm*S^Jl&^LT€SM 1 
0,11 &&WMzm& 2 5 iiT US. 

^02 9 ASSI9 AK7l*^0£#^ffi^SmS 

jgio, i m^&KSftatffiasfiTUTkj: 

U 0 ifc, €SM10, 1 1 t#«M9t<7)fi^Dffi» 

^sgii^iigs^-s ^ t;2 o . 7 a Mm&wmk 
z\bi>X'%h„ 

[ 0 0 5 6 ] 06 ( a ) m ( b ) t^L/i#^» 
^'^r;Ft- F ■ Ay fax 7 * }V7o^mm\%eM$L 

mm&z. zti?ti. 07 ( a ) mt ( b ) tc^. 

[00 57] 07 ( a ) m ( b ) t^#JUiftfVi#i'h 
T(2. 02 ^L^^EPBT''^SMM|iJ^ftS^#4 
Wi^tiW. t"^^. Aai7Jf#l»il 2, 

1 3 , Atzmamm 12,13 ^^astihsm^ 

^Sit^lffl»^S-fct;2 1 9. ^'^7yF€S3, 6R 
if 7° 7 7 y FffiitmS 7 , 8 =Sr 4 
yb-7>x^-ftL^c:t^^-r o =5rfe, AtfctJffiR 
E»ai*i:t2. Am7JffiM«Sl 2 , 1 3^fffT'=Sr< , 
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[00 58] AMI hm^H 1 ::- 11,12 Z&tiXiiiJl® 

LTl^l> 0 06 (a) t*Lt±3t, IM 

fct*7*-^«ffi4 1,42 ItWlWhZ. ttZk *)7?*7 

vYwazmtZ-thztKLk*)^ hhvmme (t>) 
t^Lfc i 5 tufM/j^ <-r £ ; t t i o , mm 
mwim*'b'%<-*hzbipc%h. mz, y^y 

[ 0 0 5 9 ] H8(±. *^(7)S|2^lifeMfc:^5-r 

l> o *HJt^T jlT;^- H ■ a> Vnxy a 6 
Hi. ±M<^9"y f 7yWM3 kTW^^'y^yVVM 

ffltf0tTsh-/U«S6 2-6 5 1 J: 0 , fy^yVVM 

3t7'7^ymm6k tmmiizmm ztix^i* 

[0 0 60] h'7*-;t«6 2-6 5li, 
^9^^ , 6at>"t'r*-;t-mffi6 2 — 6 5*» 

[0 0 6 1 ] tj7M- K ■ A> HA* 7^/^61 

ffijiis»Mt^^L-6 ^ ivy *w$&h*L#>m8& 
^iWzLtzmxh^^zaux, m2kw&&. 

[0 0 6 2] 09fct3ivt, ^EpBtt, 7^1/^0^ 

»;(i2^oftS^-^^|^§iiT^S„ 

3 , £EP D TW?" 7^yh'IS3 , 6 SCJ- b"7* 
-/L«6 2-6 Ss&^&SiS^^Jgj&^Bfcjg 

[0 0 63] ;fi!4, m 1 OUtfcWOr aTA'*- K ■ 
r\yY^7,7 4)V91XU. 7'y^y , 8 

^'flJJH 2 c , 2 d O^Ht;ffM§tLT l^^CS L . b* 
7*-/Pt*6 2-6 5^'fflV^5flTV^ C0X\ fa7 
F ■ Ay ^ AX7 4)V9 6 1 Xli. t*7*-;K 
86 2-6 5t;j; D^y^'^^yx^?t§tL. ^tu; 

=fc-oT 4:1 Bffijifr 0«WM£WF Ltzhcok &bti 

s. ^mmmzm^^Miommmmznn 
zimmmt. ?yvyvmm3, t*r*->K«6 2 

-6 5, ^5^yh*«S6, t*7*-A«6 2 — 6 5 



[ 0 0 6 4 ] JixtiL^m 1 . A-^i'U^'5clf^l 
j^BJtefr&.fcdfc. *^t^l>r^7;^-F ■ 
AVpu?^^! yy^yYW&mf7'=>^y 

[0065] *»i*^fam-F ■ a* 
7"77yM«V'7"7 

tixftjimmmzcomw^jv^ him^^yvmm 

[00 66] ttz. hVTU-hffimMtftt&lZfotz 

mmmimibtix i^u<,^t^77y 

[0067] St*lf«fa7/«- H ■ A> h'y^x 

to^T, HI OSrffl^TiSWS. Hl0(i, fa7 
/t^— b" ■ A*y Ka°X7 ^/l/^^i^/tfiTl/^tD 
PX, &V'^il^ffl^/i*||ilft^«3 0 OCO^gPO- 
^MsM^^^n y 9 mxfo M 1 0 izM $ tit 1 ^ 
±ac. *»4Mor^7V^-tfDPX(±, *^0^r 
jl7/I^E- K ■ A> K ;U7 -f^BPFl, BPF2 
^2of#Mt-C^$iiTfc9. **o3o<7)^-hP 
1. P2, P3*iii§ 0 

[0068]fa7VWPXW-fPl!l BP 
Fl<0-S^ffM$^ iHmgPTXtg^S^T^S. 
fa7'b7tDPX^-fP2it B P F 2c 7 ) 

-mzm^tu gmgnRxizmmztix^i. 

Ta7k^tDPX^-fP3ll BPFlOffi 

^RUBPF2<Dmmzim$tixa^. ^7>ft 

ANTtfi^lltUl), 
[00 69 ] m_hC0 i 5 tfilfig-r -6 - t iz X 0 , 
cofiT^-F ■ A>bvtX7 -f^^SrTJ-Tl^^-ff 

fc ixm^z\ktfxim„ fc-oTWt^ns&mim 
< . Btaf: -rmm^mmzmi z. k &xz h f^r 

V9^%hc\ktfiX%h, 
[0070] tfz, £Lh<7)i 3 *^^r^7^ 

- k ■ a> f^°x7 >f ivf&wr 2.TWf ^msmt 
mmzm ht\kx\ mt&mzmitzmkmmw.it 

^{z%hc\k^X%h, 
[007 1] 

l%Pm$sm if.Wmzfrfrh"rx.T)V*2-Y ■ A>K 
a°x7 -f/^fc: fSmSK^^S^^SfiSct- 
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i T#«mo±Tt ? ? 7 y vmmmmztix v * 
i f u 7v- hmmmt. ^j^mm<^±.ri l zia.mt 
i^yiyy \^m-u> f / : v^ y mmmmiz x o ^mwt 

fSMSiiTus, f->t, ^MII^'^yFitSMf 
7 y m mmtmz x o m?sy-/u f $ftT v ^ <z> 

T\ faT/kt-P ■ Ay FAX7 4 ^fc&tWhgfl 

- F ■ Ay fax 7 4 ;l^<a#A*t£tf><£«£l£fc't£ 

[0 0 721 ^^5^ F€SMX^ 7 y FtSi 

m®*^ t imifc<mm: - f £f ra-t a - 1 1 «t 

0, -f&*>^ £SiTl#«i£7^^#ttfc±fefii 

itfr^s^- f t zmmtiz t tzx <o , a> fax 
7 a ^^ommwz-tzhftx* i« ttz, htm 
mw^mmmimm-th 1 1 izx o , X7° <j rx<o 

&v =5r 7 ;F ^f[4£f# I, Z. t # § . 
[0 0 7 3] Stfc, f*c?)fi7;«-F ■ Ay fa 
X7 4 ;W(4, ^^^fllflg-f S^JRJK<O^Kt:«iJ» 

-5fc«t*tu ^^mizipipiT^r^-v ■ a>f 
i^xy 4)VfX'\i, Z\coXo%$mtf%^fztsb, Kffto 

[00 74]^5^y FttHMW 7 y Ffflmm* 
mmzmcth x o wmsixx a*'? 7 > 

- F fcfijffl LX , JilBO i a t7 * /I^O^gMkSrlifc 

L£ 0 , xru rx^^7 < jumnmi z t &x 
[ 0 0 7 5 ] 7 y vmmm^y v > mmnmfr 

[0076] umim^M^- v t , 

iUlX "-'Xm^)y ■: H 9*m.*:m - c ftXtf '6 
[0 0 77] ^WI,Zfrfr&rtyVrtxy4)],?0m& 

mm^^za ^x. fyiyy vmmmyy^ y mm 
mmh^^mm^immmt^hzuzx^, 
Mmm^mtrnmimmemmmmzmm-h 

z\ttfX'%h« 

[0 0 78] ^mmzfrfr&^yY^X? a )V? 

<n®&wmffifc&\> ^x , ±iEAm7jff M^s^«it§ 
mm mmxt? 



y^ymmwmfr^mimmwmt Lxim-t 
h<nx\ 7'7vyvnmm?7v-ymm9&frt>% 
mwm^mm^ yv-yyxmmcomizmutz 

[0079] *mit,zfrfy&T*7i'?yRvmmm 
m$&*&*?tzb&-cz . fr^m^mmm^xfo 

M^fgJ^IFJ] 

[@i] ( a ) a*^Bj?om i <7)mmi,zfrfr%>T2.T 
/i/^-V ■ ;<yv^xy a ii?cD9m$:^-tmm. 

( b ) i±iEffiiiTffi@. ( c ) iiftffim*wmt&t:#> 

[02 ] m 1 ^iMCi*l»fa7/^- K ■ Ay K 

[03 ] ( a ) , ( b ) li, ffi 1 (OHMsffKOrar;^ 
- F ■ Ay FAX7 ^ tfeitsmH^^^IMt- 

^^^0B&0ewffi0S.^B&0e^jiEffiWffl0, 

[04] (a) fi. &atliiU!)\ JtJR^fcfttffl* 
Ufi7/W-F • AyFV^7-r;^^HiS^ 
fH0, ( b ) (i ( a ) tSLtfaT/W-K ■ Ay 

pu7 4 }\s?cDmmizB$LZtLX^&mwm$:^-f 

[05] 04t^L^T^r;^-F ■ Ay fa°X7^ 

[06 ] ( a ) , ( b ) (4, m-TtU ffi 1 ^JfiW^ 
■ Ay FA°X7 ^ /l^SS 1 ^ff^M 

[07] (a) , (b) (4. 06 (a) , (b) £jpL 
5tHl , l2«tfM«fa7/^-K ■ AyFA°X7 

^ ;b^oRI«#tt«^ M I4^^0» 

[08 ] *m\eM2 nmimizirir&T*. 7)V^- F 

■ Ay Fax 7 * £^-r*M^M. 

[09] S2i0lIW«fi7/R-F ■ A>pU7 
^^<7)RM#ttoJWl^Mf tt^ S^0 O 

[010] *ia|tS^M§Mfa7/^-F ■ 
A> FA°X7 4)V9^7hT^7\y^7, MV'tflr 
jL^^^fiii. ttL>tiiE|iafIgM^R^7n -/ 9 
0 O 

[01 l] S*«fa7;«-F ■rt>pvu7^M 
[012] i*«fj.m-F ■ Ay FAX7^;l/? 
[013] »«fj.m-F ■ Ay FAX7^;l/? 
[ff^O^BJ] 
2 -gMftcSS 
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2a, 2b-« 
2c, 2d- ■■(MB 

2e, 2f-SffiB 

4, 

7, 8-?7^yKiIlS 



9a---MfflTL 

10,11 LTOH« 

i2, i3-xm,timmmm 

4 2, 4 3-h*T*-/l« 

5 1-fam-F ■ .A'yf^tx:?^;]^ 

6 2-6 5-t"T*-/PmS 



[01] 



[02] 





-30. 0 

20.0 22.0 24.0 26.0 28.0 30.0 32.0 
JB&3[ (GHz) 
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(72) mm mt P^K F^-A(##) 5J006 HB04 HB22 HC14 JAOl LA02 

«^«JIN«^ICTB 26^10^ *fc£ LA11 NA04 NC03 



